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1 abstract
The reduced 5D Heterotic M-theory has a
deeply rich structure. For every Calabi-
yau compactification, there exists a gravi-
tational hypermultiplet (gµν , ψµ, Aµ) and a
universal hypermultiplet. In this paper we
derive the formulae for the masses of the
scalar sector of the universal hypermultiplet
(V, σ, ζ, ζ¯) in the framework of 5D Heterotic
M-theory.
2 Introduction
In the original formulation of M-theory
[1, 2], all the standard model fields are
trapped on two 9-branes located at the end
points of an S1/Z2 orbifold. The 6 extra di-
mensions on the branes are compactified. A
5 dimensional reduction of the original Ho-
ravaWitten theory and the corresponding
braneworld cosmology is given in [3, 4, 5].
In the 11-dimensional theory, the super-
gravity multiplet consists of the graviton
field or the metric g, gravitino field ψI and
a three index gauge field CIJK with a field
strength GIJKL. The total bulk field con-
tent of this 5 dimensional theory is given
by the gravity multiplet (gαβ, Aα, ψ
i
α) to-
gether with the universal hypermultiplet
(V, σ, ζ, ζ¯). Aα is a gauge field with field
strength F¯αβ = ∂αAβ − ∂βAα, ζ is a back-
ground complex field, V is the Calabi-Yau
volume and ψiα is the gravitino field. After
the dualization, the three-form Cαβγ pro-
duces a scalar field σ. The 5 dimensional
effective action can be written as [4]
S5 = Sbulk + Sbound (1)
where
Sbulk =
−1
2κ25
∫
M5
√−g
[
R+ 3
2
F¯αβF¯
αβ (2)
+
1√
2
ǫαβγδǫAαF¯βγF¯δǫ +
1
2V 2
∂αV ∂
αV
+
1
2V 2
[
(∂ασ − i(ζ∂αζ¯ − ζ¯∂αζ)
−2αǫ(x11)Aα)
]2
+
2
V
∂αζ∂
αζ¯ +
α2
3V 2
]
1
and
Sbound =
√
2
κ25
[∫
M
(1)
4
√−gV −1α− (3)
∫
M
(2)
4
√−gV −1α
]
− 1
16παGUT
2∑
i=1
∫
M
(i)
4
√−g (V trF (i)µν F (i)µν
−σtrF (i)µν F˜ (i)µν
)
.
where F˜ (i)µν = 1
2
ǫµνρσF
(i)
ρσ and the expan-
sion coeffecients αi are
αi =
π√
2
( κ
4π
)2/3 1
v2/3
βi, (4)
βi = −
1
8π2
∫
Ci
tr(R ∧R).
with the Calabi-Yau volume V defined as
V =
1
v
∫
X
√
g(6) (5)
where g(6) is the determinant of the Calabi-
Yau metric.
3 The Non-linear Sigma
model Lagrangian for
the background V and
ζ fields
In gaugino condensates the gaugino ac-
quires non-zero vacuum expectation value
which breaks the supersymmetry. The
gaugino condensates lead to a background ζ
field. So, now we have a background V field
(represents the size of Calabi-Yau space), a
background ζ field and a background met-
ric. We take the following nonlinear sigma
model lagrangian
L =
−(∂V )2 − (∂σ − i(ζ∂ζ¯ − ζ¯∂ζ))2
4V 2
(6)
− 1
V
(∂ζ)(∂ζ¯)− U
Where U = α
2
6V 2
. We define the metric as
dh2 =
dV 2
4V 2
+
(
dσ − i(ζdζ¯ − ζ¯dζ))2
4V 2
+
dζdζ¯
V
(7)
and introduce the one-forms u and v with
their complex conjugate u¯ and v¯
wa = (u, u¯, v, v¯) (8)
Where
u =
dζ√
V
(9)
And
v =
1
2V
(
dV + idσ + ζdζ¯ − ζ¯dζ) (10)
This leads to
du = −1
2
(v + v¯) ∧ u (11)
dv = −v¯ ∧ v − u¯ ∧ u (12)
and the connection two-forms
wv v = v¯ − v (13)
wu u =
1
2
(v¯ − v) (14)
wu v = −u (15)
Cartan’s structure equantions are
T a = dθa + wab ∧ θb (16)
Ωab = dw
a
b + w
a
c ∧ wcb (17)
2
For the torsion and curvature 2-form re-
spectively.
The curvature 2-form gives (when expressed
locally)
Ωab =
1
2
Rabcdθ
c ∧ θd (18)
Where the components Rabcd are in or-
thonormal basis. The affine connection
form satisfies
wab + wba = dgab , wab = gacw
c
b (19)
Since for the orthonormal metric gab = ηab
is constant, we have For the curvature 2-
form we have
Ωab = gacΩ
c
b = −Ωba (20)
For a free torsion space, Cartan’s first struc-
ture equation is
dθa = −wab ∧ θb (21)
So, the key formulas we are going to use to
derive the connection coefficients and the
corresponding curvature tensor are
wab = −wba (22)
dθa = −wab ∧ θb (23)
1
2
Rabcdθ
c ∧ θd = dwab + wac ∧ wcb (24)
For the Ricci tensor we find
Ru u =
1
2
Ru uαβw
α ∧ wβ (25)
= (v¯ ∧ v) + (u¯ ∧ u)
And
Rv v = (u¯ ∧ u)− (v¯ ∧ v) (26)
The components of the curvature tensor are
(guu¯ =
1
2
):
Ruu¯uu¯ = 1, Ruu¯vv¯ =
1
2
, Rvv¯vv¯ = 1,
Ruv¯vu¯ =
1
2
, Ru¯uuu¯ = −1, Ruu¯u¯u = −1,
Ru¯uvv¯ = −
1
2
, Ruu¯v¯v = −
1
2
, Rv¯uvu¯ = −
1
2
,
Rv¯vvv¯ = −1, Ruv¯u¯v = −
1
2
, Rvu¯uv¯ =
1
2
,
Ru¯uu¯u = 1, Rv¯vv¯v = 1, Ru¯uv¯v =
1
2
,
Rv¯vuu¯ = −
1
2
, Rvv¯u¯u = −
1
2
, Rv¯vu¯u =
1
2
,
Rv¯uu¯v =
1
2
, Ru¯vuv¯ =
1
2
, Rvu¯v¯u = −
1
2
,
Ru¯vv¯u =
1
2
, Rvv¯uu¯ =
1
2
Rvv¯v¯v = −1.
The grad of the potential U is
∇U = − α
2
3V 2
(v + v¯) (27)
∇2U = 2α
2
3V 2
(v + v¯)⊗ (v + v¯)− α
2
3V 2
(28)
(v − v¯)⊗ (v − v¯) + 2α
2
3V 2
u⊗ u¯
Now we would like to express the the la-
grangian (7) in terms of the one-forms u
and v. We make use of the general form of
the nonlinear sigma model lagrangian with
a background field ζ
L = −1
2
gij(Dµζ
i)(Dµζj) (29)
+
1
2
(∂µφ
i)(∂µφj)Rikjlζ
kζ l − 1
2
U;ijζ
iζj.
Where Rijkl is the curvature of gij . After
some manipulations we get the lagrangian
in the form
L = L1 + L2 (30)
3
Where
L1 = −(Dαζu)(Dαζ u¯)−(Dαζv)(Dαζ v¯)
(31)
And
L2 =
α2
2
V −2 [(ζv − ζ v¯) + C(ζu − ζ u¯))]2(32)
−α
2
2
V −2(ζu − Cζv)(ζ u¯ − Cζ v¯)
−α
2
2
V −2(ζv + ζ v¯)2 − α
2
3
V −2ζuζ u¯
The first part L1 is diagonalized and we
need to diagonalize the second part L2 to
get the eigen Values. To do that we make
the following change of variables
ζv =
1√
2
(X + iY ) , ζu =
1√
2
(Z + iW )
(33)
That means we have 4 fields X,Y,Z, and W.
In terms of the new fields, the lagrangian L2
becomes
L2 = −α2V −2(Y + CW )2 (34)
− α
2
4
V −2
(
(Z − CX)2 + (W − CY )2)
− α
2
3
V −2
(
2X2 + Y 2 +
1
2
Z2 +
1
2
W 2
)
.
Which could be written in a matrix form as
L2 = −
α2
V 2

2
3
+ C
2
4
0 −C
2
0
0 4
3
+ C
2
4
0 2C
−C
2
0 5
12
0
0 −C
2
0 5
12
+ C2

After diagonalization , The eigen val-
ues that represents the masses of the
scalar sector of the universal hypermultiplet
(V, σ, ζ, ζ¯) are
α2
24V 2
(
−21 − 15C2 +
√
121− 774C2 + 81C4
)
,(35)
α2
24V 2
(
−21 − 15C2 +
√
121− 774C2 + 81C4
)
,(36)
α2
24V 2
(
−13− 3C2 + 3
√
1 + 18C2 + C4
)
,(37)
α2
24V 2
(
−13− 3C2 − 3
√
1 + 18C2 + C4
)
.(38)
4 Conclusion
Making use of the non-linear sigma model
Lagrangian of the background fields, We
derived the formulae for the masses of the
scalar sector of the universal hypermultiplet
(V, σ, ζ, ζ¯) in the reduced 5D Heterotic M-
theory.
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